in participation. 1, 3 In the Netherlands prophylactic clotting factor replacement therapy was introduced in 1968. This medical treatment is proven to be effective: it prevents bleeds and subsequent arthropathy. 4, 5 Monitoring joint health is essential for identifying early signs of deterioration as it enables adjustments in clotting factor replacement therapy, physical therapy, use of walking aids or prescription of braces to limit further decline. Previous studies detected no or minimal changes in joint health over the years measured with the radiologic
Pettersson score and World Federation of Hemophilia (WFH) physical examination score in patients treated with prophylaxis. 6, 7 However, early joint alterations remain undetected on the Pettersson score as X-ray only shows osteochondral changes. 8 Furthermore, in a paediatric population, the WFH physical examination score is less sensitive than the Haemophilia Joint Health Score (HJHS), which was developed more recently 9 and is the recommended tool for routine patient follow-up assessments of joint health. 10 The WFH guidelines recommend annual use of the HJHS during regular evaluations, 1 although assessment must be performed by a trained physiotherapist and is time consuming. Data on the occurrence and rate of deterioration in HJHS scores in adults with low bleeding rates are lacking. Identifying patients and/or joints at risk for deterioration may help individualize monitoring schedules and promote efficiency without jeopardizing the quality of care.
Known factors related to joint health in haemophilia are severity of disease, use of prophylactic clotting factor replacement, number of joint bleeds, radiological status, synovitis and Body
Mass Index (BMI). 1, 2, 4, 11 In addition, limitations in activities could predict joint health deterioration, as demonstrated in patients with osteoarthritis. 12 The aim of this study was to describe changes in joint health over a 5-to 10-year follow-up and identify factors associated with joint health deterioration in adult patients with moderate or severe haemophilia.
| MATERIALS AND METHODS

| Study design and study population
This study was a post hoc analysis using HJHS data collected for previous cohort studies and data from medical files. Studies used for our post hoc analysis reported the HJHS in patients with moderate
(1-5 IU/dL factor VIII/IX activity) or severe (<1 IU/dL factor VIII/IX activity) haemophilia treated at the Van Creveldkliniek in Utrecht.
In this study, we included data of subjects with 2 HJHS measurements with an interval of at least 5 years. For each subject, the last available HJHS score was selected to get the follow-up period as long as possible. Patients aged <16 years at first measurement were excluded.
Regardless of study participation, all patients visited the clinic at least annually, including evaluation and documentation of treatment and bleeding. The HJHS at T0 was derived from the studies by Den
Uijl et al and Fischer et al. [13] [14] [15] For the follow-up measurement (T1), [13] [14] [15] In addition, patient characteristics, severity of disease, number of joint bleeds, use of prophylaxis, presence of synovitis and BMI were extracted from patient logs and medical files.
| Measurements
| Outcome
The primary outcome was joint health of elbows, knees and ankles Since this tool was developed for detection of early joint changes, the manual of the HJHS does not prescribe how items have to be scored in case of joint replacement or arthrodesis. 17 It was decided to score joints after joint replacement or arthrodesis similar to joints without joint replacement or arthrodesis, and to correct for a history of surgery in the statistical analyses.
| Factors associated with joint health deterioration
Disease severity and medication use 
Joint bleeds
The number of joint bleeds between T0 and T1 was reported per joint for elbows, knees and ankles. Joint bleeds were defined as any complaint in elbows, knees or ankles requiring treatment with clotting factor concentrate.
Joint status
Joint health at baseline (T0) was measured with the HJHS 2.1. 17 The radiological status of the joints at baseline (T0) was scored by means of the Pettersson score. 18 Knees, elbows and ankles were evaluated with a maximum score of 13 points per joint. Higher scores reflect more severe arthropathy. 18 Pettersson scores available within 2.5 years of T0 measurement of the HJHS were included. For consistency, all Pettersson scores were performed by 2 radiologists.
The presence of synovitis between T0 to T1 was reported per joint.
Synovitis was considered present when documented in the patient file and treated according to the local synovitis protocol in which synovitis is defined as a painless swelling and warmth of the joint on clinical exam.
Age, BMI and limitations in activities
Age in years was reported at baseline. BMI (kg/m 
| Statistical analyses
Descriptive results were presented as proportions or medians (interquartile ranges [IQR] ). Analyses were conducted on patient level (HJHS-total) and joint level (HJHS-joint). To account for correlation of joint scores within patients, all analyses on joint level were performed using multilevel models. 21 Change (Δ) scores between T0 and T1 were calculated for the HJHS-total score, HJHS-joint score and for the elbow, knee and ankle joints separately (ΔHJHS = HJHS
T1-HJHS T0). Cut-off points for clinical relevant changes were ≥|4|
for the HJHS-total score and ≥|2| on joint level. Cut-off points were based on expert opinion (KF, MT) and a published range of 0-3 points on the HJHS-total score in young adults without haemophilia. 22 Differences in HJHS-total scores between T0 and T1
were tested by the non-parametric Wilcoxon signed-rank test. At joint level, differences in HJHS scores were tested with a univariate three-level regression including the level measurement point, patient and joint.
Individual factors associated with ΔHJHS-total score were determined with univariate linear regression analyses. Multicollinearity between the determinants was checked. Subsequently, to determine factors associated with the ΔHJHS-total score, a multivariate linear regression analysis was performed. Determinants were selected stepwise backward. Variables were removed if P > .10.
Factors associated with ΔHJHS-joint score were determined with univariate and multivariate two-level regression analyses, including adjustment for joint type (elbow, knee or ankle). The best fitting model was chosen based on the lowest Akaike Information Criterium (AIC)
value. 21 All analyses for determining factors associated with ΔHJHS were adjusted for time between HJHS measurement at T0 and T1 and history of joint surgery. Unstandardized β with 95% confidence intervals (95%-CI) were presented.
Sensitivity analyses were done with other cut-off scores (ΔHJHS-joint ≥|3|, ΔHJHS-total ≥|6|) for HJHS changes. In addition, the multivariate two-level regression was performed excluding the joints with a history of surgery.
Multiple imputations were used to impute missing data in this study. 23 Ten imputed data sets were created, which were analysed separately. The results of the 10 analyses were combined with the Rubin's rules. 23 SPSS version 22 (IBM Corp., Armonk, New York, USA) was used for the statistical analyses.
| RESULTS
| Patients and joint characteristics
Sixty-two patients were included in this post hoc analysis. Tables 1   and 2 show the patient and joint characteristics. Median age at base- History of joint surgery 6 (9.7)
HCV, hepatitis C virus; HIV, human immunodeficiency virus; HJHS, Haemophilia Joint Health Score; BMI, body mass index; IQR, interquartile ranges.
scores and HAL scores were missing for, respectively, 45.2% (n = 28) and 22.6% (n = 14) of the patients. Joint bleeds of the elbows and knees were missing in 3.2% (n = 2) and of the ankles in 4.8% (n = 3) of the patients. Missing data were Missing at Random (MAR).
| Change in HJHS
Changes in HJHS-total scores (ΔHJHS ≥|4|) and HJHS-joint scores at T0 to 0.0 (IQR 0.0;3.0) at T1. In 17.5% (n = 65) of the joints, the HJHS-joint score deteriorated by a minimum of 2 points. Ankle joints (30.6%) showed deterioration more often than the elbows (18.5%) and knees (3.2%). The HJHS scores for knee joints did not change significantly from T0 to T1 (3.2% deterioration, P = .060).
Improvement of joint health was found in a small proportion of the patients and joints (9.7% and 8.3%, respectively). Sensitivity analyses with higher cut-off scores (ΔHJHS-total ≥|6| and ΔHJHS-joint ≥|3|) showed higher rates of joints which stayed constant during follow-up (HJHS-total 66.1%, elbow 86.3%, knee 92.7% and ankle 71.8%). Ankle and elbow joints deteriorated more often.
In addition, a flow chart (Figure 2 ) was made to show the follow-up of joints without joint impairment at baseline. Of the joints without impairment (HJHS-joint ≤1) at baseline, with ≤1 joint bleed and no synovitis during follow-up, 91.9% of the joints maintained HJHS-joint scores ≤1 at T1.
| Factors associated with joint health deterioration
Multicollinearity was found between radiological status and joint health at baseline. Since joint health is more often available in daily care, joint health at baseline was included in the multivariate analyses.
Use of prophylaxis correlated with severity of disease. Because use of prophylaxis correlated most with the other factors, this factor was not included in the multivariate analyses. The univariate and multivariate linear regression models studying the potential factors associated with ΔHJHS-total score are presented in the Appendix S1. T A B L E 2 Joint characteristics at baseline and during follow-up
| Factors associated with overall change in joint health over time
| Factors associated with change in joint health on joint level over time
The multivariate two-level regression models of factors associated with ΔHJHS-joint score are presented in Table 3 , data on the univariate two-level regression models are shown in Appendix S1. Univariate 
| DISCUSSION
This study describes changes in joint health in PWH over a 5-to 10- HAL, Haemophilia Activity List. Interpretation: after median 8.0 years, the HJHS-joint score increases by 1.05 points after 5 joint bleeds; 1.78 points in case of presence of synovitis; 0.54 and 1.23 points in elbow and ankle joints, respectively, compared to knee joints. The HJHS-joint score deteriorated less when patients had more joint impairment at baseline: ie 0.93 points less when the HJHS at T0 was 3 points higher. In addition, the HJHS deteriorated only 1 point when body mass index (BMI) was 20 kg/m 2 higher and 1 point when the HAL was 25 points higher.
| Internal and external validity
Results of this study depend on both the population included and psychometric properties of the HJHS, which have not been widely investigated for adult PWH. The majority of the study population had very limited joint changes and low bleeding rates (median number of joint bleeds 0.0/joint [IQR 0.0;2.0] during follow-up of median 8 years) due to access to early prophylaxis. This is the population that the HJHS was designed for, but limits representativeness of these findings in settings with more prevalent arthropathy and/or higher bleeding rates.
In this study, several patients had undergone joint surgery.
Currently, the HJHS manual does not give directions on how to score joints after surgery. Since the HJHS is recommended for adult patients nowadays, agreement among health professionals and researchers about scoring of joints in patients after joint surgery is needed. Given the uncertainty of how to score these joint, we performed a sensitivity analysis, which showed similar results.
For this longitudinal study with limited change rates adequate responsiveness of the HJHS is essential. Currently, information on responsiveness is still insufficient but the evidence regarding responsiveness is emerging. The HJHS was able to measure improvement in joint status 3 months after radiosynovectomy 24 and was able to distinguish between severe and non-severe haemophilia and different treatment groups. 9, 13, 16, 25 In this study, sensitivity analysis of the cutoff scores for changes of the HJHS showed that higher cut-off scores resulted in more joints which are indicated as stable joints.
Finally, in this study, HJHS assessments were performed by 2 physical therapists who were experienced with the HJHS and trained together to calibrate HJHS assessment.
While most studies analyse joint health at patient level, we focused on both patient and joint level. Since most joints were unaffected, HJHS sum scores were low. Analyses at joint level gave more specific information about joint conditions. The more direct association of joint-specific factors on joint health may explain why at total and joint level different factors were associated with HJHS changes.
| Comparison with other studies
In this study, most patients showed minimal HJHS changes over time.
This is in line with the minimal changes in joint health measured with the WFH physical examination score and radiologic Pettersson score in previous reports on young adults in Sweden and the Netherlands, who also have access to early prophylaxis.
6,7
The observation that the ankle was the most affected joint in this study is in accordance with earlier observations. 26 It is hypothesized that physical abilities and activity levels of PWH increased after the institution of early prophylactic replacement therapy. The increased participation in sports and activities could have resulted in higher impact on ankle joints and thus a higher bleeding frequency in ankles compared to knees and elbows. 26 The number of bleeds at joint level during 8 years of follow-up was very low and only ankles, knees and elbows were considered. Overall joint bleed rates were not calculated
and cannot be compared with other studies. 
| Clinical implications and future research
